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Abstract
China is facing severe challenge on CO2 reduction and will rely on coal as its main energy in the future.
Under this circumstance, it is necessary for China to develop CCS technology. However, it may suffer serious 
risks for China to develop scaled CCS project. This paper aims to identify and evaluate risks for the 
development of scaled CCS project in China. Main research contents are summarized as follows: firstly, risk 
factors of CCS project are identified with the application of actor network theory analysis method. The results 
show that the development of CCS project in China could face risks from aspects of technology, HSE (health, 
safety and environment), market, energy and resources, as well as policy and regulations. Secondly, case study 
is conducted on China’s first demonstration CCS project “Shenhua CCS demonstration project”. Results show 
that risks of case project is relatively lower which reflects the case project’s characteristics in project scale, site 
selection and technologies applied. Thirdly, suggestions for risk preventing are proposed.
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than 100 scaled CCS projects which are operational and planed worldwide. According to the suggestion of 
International Energy Agency (IEA), 20-30 large scaled CCS demonstration projects should be constructed by 2020 
worldwide.
China is an apt country for developing and applying CCS projects. Firstly, the total CO2 emissions of China top 
the world, which faces the huge pressure of reducing CO2 emissions. Then, because China’s energy structure still 
mainly rely on coal for a long-term in the future, the widely application of CCS projects will be helpful to resolve 
the severe contradictions between the demand of reducing CO2 emissions and overly dependence on fossil energy. 
Finally, some relevant researches point out that China has possessed favorable geological conditions and huge 
potential for CO2 capture and storage. In recent years, Great achievements have made in China in the aspect of CCS 
R&D, application and international cooperation as follow: CCS R&D are financed by national 973 project and 863 
project and CCS technologies have been included in long-term developing plan and program; China National 
Petroleum Corp (CNPC) and China Huaneng Group are actively engaged in the application of CCS projects; China 
carried out cooperation in CCS projects with Britain, EU and other countries.
CCS is a promising measure for reducing CO2 emissions. However, there are great risks in developing CCS 
project. Firstly, the development of CCS technology is still in the early stage. Despite the technologies in the 
different process of CCS project are prove feasible, whether or not the complicated CCS technologies system which 
formed by the technology in different process can operate safely is still uncertain. Then, due to the lack of practical 
experience in the field of CCS projects worldwide, insufficient experience and data will result in big risk in 
launching this project in China. At last, complicated international and domestic situations for China also will 
increase the risk.
Based on the backgrounds mentioned above, it is necessary to focus on the risk issue in the process of CCS 
project development. By understanding and figuring out the risk itself of CCS, the measures and implications can be 
proposed against risk so that CCS project can operate and develop safely.
The risk issue was paid attention by scholars since the concept of CCS was proposed. As the development of 
CCS, the relevant research on CCS risks gradually experienced improvement. 
From the aspect of main risks of CCS, Hollyway (1995) [1] first found that CO2 leakage as one of important 
risk which occurs in the process of CO2 storage will do harm to public health and environment through qualitative 
analysis. On the basis of this view, Siirila (2012) [2], Patil (2010) [3] and etc. prove it by using quantitative analysis
and chemical experiment, respectively. In addition, other scholars focus on security issues of geological storage,
including behavior of CO2 underground storage, integrity of injection well and leak well and etc. 
As for the aspect of development and application of risk assessment methods, reasonable and effective 
evaluation methods contributes to accurately assessing the risks of project and providing important basis for project 
decision-making and project risk management. Current risk assessment methods can be classified as: Qualitative 
risk assessment method, Semi-quantitative risk assessment method and quantitative risk assessment method. The 
first two methods are suitable for the condition under which there is insufficient data and practical experience, 
including mainly Feature Event Procedure (FEP) (Condor, 2011 [4]), Vulnerability Evaluation Framework (VEF), 
Natural or industrial simulation methods (Stenhouse, 2009 [5]) and so on. Quantitative risk assessment method
mainly refers to computer simulation methods. Based on different theoretical models, the researchers use computer 
numerical simulation techniques to realize simulation or emulation for different behaviors in the process of CO2
geological storage.
As for the existing international risk management regulations of CCS project, CO2 storage life cycle risk 
management framework formulated by EU [6] and London Protocol [7] [8] both refer to specific regulations on 
CO2 storage risks.
Chinese scholars begin to concentrate on risk issues in recent years. However, relative researches are seldom 
and few of studies the possible problems of CCS projects from the perspective of developmental disabilities using 
qualitative analysis (Li, 2011 [9]; Liang, 2009 [10]).
2. Paper Structure 
This research aims to explore risks of CCS project development in China. The content of this paper is divided 
into five parts. The first part is introduction. The second part briefly introduces the structure of this paper. The third 
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part analyses risks during the development of CCS project in China based on actor-network theory. In the third part, 
we first identify actors who are involved in China’s CCS project development, and then apply the concept of 
‘translation’ to analyze potential risks. The fourth part is about a case study of China’s first full scaled
demonstration project. And the last part is about some suggestions of risk treatment.
3. Risk analysis of CCS project based on ANT
Actor–network theory, often abbreviated as ANT, is an approach to social theory and research, originating in 
the field of science studies, which treats objects as part of social networks. Because of its popularity, ANT has been 
making steady progress as a tool for analysis in a range of fields. CCS projects involve a variety of heterogeneous 
elements such as different technical units, stakeholders, and policies and regulations. ANT tool can exactly provide 
an analysis framework for interaction between various factors. It is proper to apply ANT to analyze the application
of CCS projects.
Analysis is conducted by two steps. Firstly, to construct actor network of CCS project development. Secondly, 
to conduct translation analysis and identify risks.  
3.1. Main actors of CCS project development
ANT points out that the development of science and technology is realized through allying a variety of 
heterogeneous elements. The successful development of CCS project cannot be achieved without participation of 
different actors. Actors involved in CCS development are described below.
(1) Main human actors
1) Research institution 
CCS is a complex technology system which could involve coal combustion, chemical production, pipeline 
construction, oil and gas extraction, geological prospecting. Researchers from different areas are needed to provide 
technical guarantee.
2) Government
Government plays important role in CCS development especially at the present stage. CCS cannot develop 
freely under market rules. Active promotion and guidance by government are necessary. Government needs to 
undertake the following functions:  to promote R&D by policy and financial support, to encourage enterprises 
carrying out scaled CCS demonstration projects, to make special CCS regulations, technical guidelines, to 
coordinate the relations between CCS development and energy, resources and environment, to promote international 
communication and project cooperation in the field of CCS. Hence, the development of CCS needs participation of 
different government departments with regard to environment, technology, energy and legislation. 
3) Enterprise 
Enterprise as the main executor of design, construction, operation and management of CCS project, especially 
with matures of carbon market and advance of CCS commercialization, will be the main leader of CCS technology 
development. The whole processes of CCS projects involve different types of businesses: Enterprises with high 
energy consumption such as coal-fired and gas-fired plant, cement, refinery and so on related to CO2 capture; oil and 
gas enterprises related closely to transport and storage of CO2 with extensive experience in the field of CCS 
technology such as transportation, drilling, injection, downhole monitoring and so on; CCS technology development 
also refers to investment companies , transportation companies , carriers and storage providers and others
4) International organization
China needs to follow the international laws and regulations on CCS technology, a series of which are 
developed by International Climate Change Committee, the International Energy Agency, the International Law of 
the Sea and other bodies. Moreover, China can benefit from cooperation with international enterprises and agencies 
by attaining help in the aspects of technology and funds.
5) Environmental NGOs and public. Potential CO2 leakage as a focus issue on the project CCS process May 
cause strong protest from environmental NGO and public. Therefore, the smooth implementation of CCS projects 
should actively make environmental NGO and the public fully involved through communication in order to avoid 
contradictory.
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(2) Non-human actors
Non-human actors mainly include technology, funds, market, policies and regulations, energy and resource, 
environment and so on in CCS actor network, which are indispensible to CCS project. 
1)Technology: CCS process involves a series of complex technological units, so safe and efficient technology 
is the fundament of successful implementation of CCS projects.
2)Funds: Considering the high investment cost of CCS project, How to ensure funds and investment is an 
important factor for smooth development of CCS projects.
3)Market: It is critical to promote the construction of CCS market and maturity of carbon market for the 
development of scaled CCS projects.
4)Policies and regulations: Development of CCS needs to actively encouragement of policies as well as
protection from laws and regulations.
5)Energy and resource: The application of CCS technology also depends on a variety of energies and resources.
For example, CO2 capture phase consumes a lot of additional coal and water. In addition, CO2 storage process 
occupies large tracts of land, which could affect underground mineral resources and drinking water resources
6)Environment: Environmental factors closely associate with the development of CCS projects, because of 
probable leakage in the process of CO2 transportation and storage which has a potential impact on environment such 
as soil, vegetation, marine life and so on.
All the human actors and non-human actors constitute a network of CCS development. Each actor represents a
node and actors are not mutually independent but interconnected in the network.
3.2. Translation of actor network
Central to ANT is the concept of translation, in which innovators attempt to create a forum, a central network 
in which all the actors agree that the network is worth building and defending. Michel Callon has defined 4 moments 
of translation: problematisation, interessement, enrollment and mobilisation of allies.
1) Problematization
Problematization is the first step of translation with the main tasks of determining core actor and defining 
obligatory passage point(OPP).
Enterprise is the operator of CCS project and plays dominant role in project construction and management so 
that enterprise should play the role of core actor in CCS project development. As core actor enterprise needs to 
actively build connection with other potential actors. For example, to attract research institutions providing technical 
support, to strive for preferential policy and financial support from government, to seek for cooperation 
opportunities from outside, and to obtain support from environmental NGOs and the public.
OPP is the point that all actors must go through on their way to solving their problems. Clear OPP is an 
important linkage ensuring all actors are closely connected.  
In CCS actor network, government faces the problem of reducing CO2 emissions, enterprise such as fossil fuel 
power plant faces the pressure of reducing CO2 emissions due to legal and regulatory demand, and international 
organization strives to alleviate global climate change. CCS has the potential of reducing large amount of CO2 in the 
atmosphere and allowing us to continue the growth of current fossil fuel-based economy at the same time. The 
successful application of CCS projects will help solve the actors’ problems. On the other side, environmental NGOs
and the public face the problems of protecting environment, health, and safety from harm by CCS projects. Based on 
these analyses, OPP of CCS actor network should be that CCS projects being successfully implemented with the 
feature of cost-effective, safe and environmental friendly.
3) Interessement
Essentially, the alliance of actors is the alliance of interests. The second step of translation is that the core actor 
grants interests to other actors in order to attract and gather them into CCS actor network. 
For research institutions, the interests of participating CCS are to obtain research achievements as well as 
research fund; as for government, the interests it can get from CCS project are to achieve national emission 
reduction targets; as for enterprises, though they will not earn profits by applying CCS at present stage, applying 
CCS can get them government's special funding or tax preferential policies, at the same time, committing to CO2
emissions reduction helps to establish a good and responsible image which will benefits to enterprises’ future 
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development, for international organization, the development of CCS can help achieve their goal of eliminating 
climate change
3) Enrollment
If actors agree with the empowered interests by core actor, they are then taken into the actor network and will 
play different roles in the network. And this is the enrollment moment.
Government plays as supporter in the network by providing preferential policy and fund; enterprise is the main 
operator of CCS projector which will be in charge of planning, construction, operating and management of CCS 
project; research institution will provide technical assurance; environmental NGOs and the public are involved in 
the network for monitoring purposes.
4) Motivation
Motivation means that the core actor takes actions to inspire other actors working hard to achieve the final goal. 
Only if all the above steps of translation are achieved, the successful application of CCS project could be 
realized.
3.3. Identification of risk factors of CCS project based on ANT
From ANT perspective, CCS project can be achieved through successful translation of actor network. However, 
the translation is not always successful because of a variety of risk factors, as a result, some of the actors may 
actively or passively detach from the network, and even worse these risks could lead the constructed netork to a
completely dismiss. Risk factors of CCS project will be identified by exploring potential risks in the process of 
network translation as below:
1) Risk factors of research institutions
Some factors may lead research institutions reluctant to join in or halfway out the actor network and result in 
risks. These factors includes: ķ' LIILFXOW\RI& & 6WHFKQRORJ\5 	 ' $ VDQHZ DQGIURQWLHUWHFKQRORJ\ CCS 
technology is still not mature enough and there are many problems to be solved. Because research these 
technological problems have properties of difficulty, time-consuming, high cost and high R&D capability, research 
institutions may quit or choose not enter in this field; ĸ Uncertain prospect of CCS technology. CCS technology is 
controversial as its large-scale applications require high costs and high energy consumption and may lead to serious 
environmental accidents. These characteristics bring great uncertainty for CCS technology’s prospect. Therefore, 
research institutions may choose other more popular and more promising directions. Ĺ/DFNRISROLF\JXLGDQFHDQG
support. National research policies on CCS did not bring CCS technology R&D significant advantages in terms of 
funding and policy orientation. Moreover, relatively weak policy guidance and support became resistance factors 
which affect research institutions dedicated to relative research.
2) Risk factors of government departments
In the actor network, government plays a role of developing effective policies and amending laws and 
regulations to support and protect CCS project. Factors at this stage which could influence government to implement 
the above actions may have:ķ,P P DWXULW\RIWHFKQRORJ\% HFDXVH& & 6WHFKQRORgy worldwide is still not mature 
enough, the government may slow down the pace of development of CCS projects. Therefore, strong policy support 
and improvement of laws and regulations are retarded; ĸExpensive cost and additional energy consumption. CCS 
project investment is costly and consumes a lot of additional coal and water resources, which obviously is in conflict 
with Chinese government’s policy on energy saving of enterprise. This may therefore reduce the government's 
support for CCS projects.Ĺ,P P DWurity of market leads to high uncertainty of project profits. ĺ3RWHQWLDOO\VHULRXV
hazards to environmental health and safety. Ļ,QIOXHQFHRIQDWLRQDOFOLP DWHSROLF\DQGHQHUJ\SROLF\1 DWLRQDO
climate policy sets out the overall strategy of CO2 emissions while energy policy makes provision on the use of coal, 
energy efficiency, new energy ratios and so on, all of which will reduce enthusiasm of promoting CCS project for 
relevant government departments. 
3) Risk factors of enterprise
Risks facing enterprise include as follows: immaturity of CCS technologies; weak capability of enterprise’ 
technology and equipment; lack of skilled technician in CCS area; high investment cost and huge consume of 
energy and water resource; HSE risks caused by CCS project; immaturity of market; competition from other low 
carbon options; lack of supportive policy and regulation.
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4) Risk factors of international organization
Behavior of international organization is seriously affected by international climate policy. In recent years, the 
United Nations Climate Change conferences have suffered hard negotiation, uncertainties exist in many relative 
issues such as CO2 emission reductions, financial support, and etc. These uncertainties could slow down the 
international organization’ investment in Chinses CCS project.
5) Risk factors of environmental NGOs and public
Environmental NGOs and the public care about environment protection, safety and health. The application of 
CCS project may encounter risks in these areas.
Human health risk, if the concentration of leaked CO2 in atmosphere is high enough, it may cause dizziness, 
suffocation, and even death of human. Exacerbate climate change, large amount of leaked CO2 could lead to a 
obvious CO2 concentration arise, and this will result in much exacerbate of climate change. Risks of ecosystem, 
leaked CO2 could harm soil, plants, and marine biological resources. Risk of potential pollution of underground 
potable water by leaked CO2. Risk of geological activity, CO2 injection and sequestration could cause geological 
risks such as formation fracture, and on the other side, natural geological activity such as earthquake could result in 
large amount of CO2 leaking.
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Fig.1 Risk factors during the process of CCS actor network translation
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4. Case study of Shenhua CCS demonstration project
4.1. Brief introduction of Shenhua CCS project
Shenhua CCS demonstration project is the first full circuit case in China, which is mainly undertaken by 
Shenhua Coal to Liquid and Chemical Co., Ltd. belonged to subordinated firm of China Shenhua group. The full 
name of this project is ‘China Shenhua 100,000 tons per year of CCS pilot project’ and it is called ‘Shenhua CCS 
demonstration project’ for short in this paper.
Construction of Shenhua CCS demonstration projects is located in Majiata, Erdos, Inner Mongolia. The recent 
scale of this project is annual CO2 storage capacity 100,000 tons and expected scale is Mt in the long run. The total 
investment of first phase of construction is 210,518,400 yuan, of which 167.02 million yuan raised by the Shenhua 
Group mainly from Shenhua Group research fund support and the remaining funds form bank loans. In addition, the 
project is supported by the National Science and Technology Program, which provide 30 million yuan in the name 
of special funds.
Shenhua CCS demonstration project is the whole process CCS projects, including CO2 capture, CO2 transport 
and CO2 storage. The construction of project is correspondingly divided into three areas, namely CO2 purification 
liquefaction area, CO2 store loading area and CO2 underground saltwater layer perfusion storage area. The project 
was officially launched on August 27, 2010. Through construction, drilling, piping and instrumentation installation 
and a series of projects, collected high purity CO2 was injected into underground successfully for the first time on 
January 2, 2011. By April 21, 2014, Shenhua CCS demonstration device cumulative injected 200,600 tons of liquid 
carbon dioxide. Currently device runs at full capacity: more than 400 tons of the daily injection, 4.98MPa of 
injection pressure in storage area and 17.23m3/h of injection flow. Moreover, capture area and storage area are 
running in good condition while in storage area safety monitoring data is accurate and complete, which shows that 
CCS devices operate in safe and stable condition.
Shenhua CCS demonstration project involves in CO2 capture, CO2 transport and storage of CO2 in three 
processes: capture which occurred in the process of coal liquefaction refers to CO2 separation generated from the 
mixed gas of coal liquefaction processes, purification and compression to obtain a high concentration CO2 suitable 
for geological storage; transport adopts tanker transport to adapt the relatively small scale of storage in the project; 
storage selects geological storage mode of underground saline aquifers, which is a key technical process of the 
project. The process of Shenhua CCS demonstration project is depicted in Figure below:
CO2 Purification CO2 Transportation CO2 Storage Tank CO2 Storage
Other gas
Flue gas
CO2 Pressurized
CO2
CO2 Pressurized
Fig. 2 Technological process for Shenhua CCS demonstration project
4.2. Risk analysis of Shenhua CCS project
Before construct of CCS project, sufficient preparations such as feasibility study, core technologies research 
were carried out. However, some unexpected problems still appeared during actual operation process. Risks of 
Shenhua CCS project are analyzed as below. 
(1) Technological risks
Most technologies applied in the demonstration project are traditional. However, due to the lack of experience, 
technological risks occur in many work units such as CO2 liquefaction. Unqualified equipments such as buffer tank, 
stuffing box also bring risks during operation. 
(2) Health, safety and environmental risks
Monitoring results show that no abnormal phenomenon appeared both on surface and underground area. HSE 
risks of Shenhua CCS project is predicted relatively low. Reasons of that could be the small scale as well as a 
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remote location. Under these circumstances, risk of public rejection of this demonstration project is also very rare.
(3) Market risks 
As the first full scaled CCS project in China, CCS market has not been built yet. Market risks are supposed to 
be high. Strong supporting measures are needed as safeguard for Shenhua CCS project.
5. Suggestions of CCS risk retreatment
Directed against all types of risk of CCS technology project, some measures can be taken as follows: (1) the 
risk of CCS technology can be reduced through reinforcing relevant technology, encouraging technical cooperation 
and practical demonstration, establishment of data management system and carrying out technical training; (2) ease 
the risks of healthy and safe environment by developing specification of environmental impact and assessment for 
CCS project, strengthening monitoring and modeling and formulating CCS sudden emergency plan; (3) through the 
development and implementation of effective CCS public communication strategies, encourage public to participate 
in order to respond to the social risk; (4) International cooperation of project, increasing policy and financial support 
from the government, improving the trading market of carbon and encouragement of business model innovation can 
address the market risks; (5) the goal of reducing risks of energy and resources can be achieved by improving 
technical efficiency and development of CCS eco-industrial park; (6) on the basis of close attention to and actively 
participation in international activates related to CCS technology, effective CCS technology development policies as 
well as the relevant laws and regulation need to be formulated to deal with risks of policy and regulations.
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